Subarachnoid hemorrhage (SAH) is rare in young adults and little is known about aneurysms in this subgroup. The effect of clinical and prognostic factors on the outcome based on the Glasgow Outcome Scale (GOS) scores and the predictors of unfavorable outcomes were analyzed in young adults with aneurysmal SAH. A retrospective review of the clinical parameters, including age, sex, hypertension, smoking status, hyperlipidemia, location of the cerebral aneurysm, size of the aneurysm, multiplicity, perioperative complication such as hydrocephalus, vasospasm, and hematoma, and Hunt and Hess and Fisher grading on presentation, was conducted in 108 young adults (mean age 34.8 years) managed at our institute. The outcome was classified based on GOS grading into unfavorable (GOS scores 1-3) or favorable (GOS scores 4 or 5). The overall mortality rate was 3.7% (4/108 patients). Univariate regression analysis for the outcomes at discharge found that age at the time of presentation, male sex, size of aneurysm, multiple aneurysms, hyperlipidemia, and poor Hunt and Hess and Fischer grades were associated with unfavorable outcome. Multivariate regression analysis found independent effects of sex, multiple aneurysms, size of aneurysm, and Hunt and Hess grade on the outcome at discharge. Size of aneurysm, presence of multiple aneurysms, Hunt and Hess grade, and hypertension were the predictors of outcome at mean 2-year follow up based on multivariate exact regression analysis. The multimodal approach with aggressive medical management, early intervention, and surgical treatment might contribute to favorable long-term outcomes in patients with poor expected outcomes.
Introduction
Aneurysmal subarachnoid hemorrhage (SAH) is rare in the age group of 20-39 years. 21) Understanding of the etiology and natural history of aneurysmal SAH in this age group is still evolving. 18) Overall, favorable outcomes are anticipated in young adults. 10) The Glasgow Outcome Scale (GOS) has been widely used to categorize the outcomes in patients with aneurysmal SAH. Poor GOS score in young adults may indicate a shortened life expectancy, so elucidation of the clinical and perioperative factors associated with poor outcomes in this subgroup of patients is extremely important. The clinical parameters, risk factors, location, size, multiplicity, and intraoperative as well as perioperative factors have been studied in young adults with aneurysmal SAH. 6, 15, 20) Even so, elucidation of factors that might predict the outcomes in young adults is lacking in the current neurosurgical literature. The present study analyzed the predictors of outcome at discharge and the independent predictors of the long-term outcome in this subgroup of the population.
Methods
A retrospective review was conducted of 1188 patients presenting with ruptured saccular aneurysms admitted to our hospital between 1991 and 2008. Of these, 108 (9.1%) patients between 20 and 39 years of age were identified and classified as young adults. The diagnosis of SAH was established based on the clinical presentation, and computed tomogra- phy and/or lumbar puncture findings. We conducted a meticulous review of demographic data, clinical parameters, neuroimaging studies, management, and short-term as well as long-term outcomes in the young adult subgroup. The inclusion criteria for the study were: Patients clinically diagnosed with SAH; and no antecedent disorder such as arteriovenous malformation, tumor, meningitis, thunderclap headache, or cluster headache present at the time of presentation. All cases of traumatic, fusiform, dissecting, or mycotic aneurysm were excluded. The Hunt and Hess SAH classification system was used to determine clinical grade on admission.
The association between the outcome and the effect of risk factors such as hypertension, smoking status, hyperlipidemia, atherosclerosis, and diabetes was analyzed. Patients were determined to have hypertension if they had a previous medical history of hypertension or were taking antihypertensive medications. Hyperlipidemia was defined as an increase in any of the parameters in the most recent lipid profile available. None of the patients had evidence of atherosclerosis. The location of the ruptured aneurysms was classified into 4 groups: internal carotid artery (ICA), anterior cerebral artery (ACA), middle cerebral artery (MCA), and posterior circulation. The size of the aneurysm was determined by measuring the maximal inner diameter on angiograms. Patients were classified into three categories based on the size of aneurysm: small º5 mm, medium 5-10 mm, and large À10 mm. The GOS was used for assessment of outcome at discharge at the 6-month and at least 2-year follow-up examination. Outcomes were divided into 2 categories: favorable (GOS scores 4 or 5) or unfavorable (GOS scores 1-3). Direct surgery involving aneurysm neck clipping, trapping, or coating was performed in 100 patients and coil embolization in 8 patients. The analysis focused on comparing clinical and prognostic parameters and the GOS at the 6-month and 2-year follow-up examinations.
Statistical analysis was performed using SPSS software (SPSS version 17; SPSS Inc., Chicago, Illinois, USA). All data are presented as mean values ± standard deviation. The demographic distribution of the patients in the study and the clinical and prognostic parameters were tabulated. Uni-and multivariate predictors of the outcome based on the GOS were assessed using binary logistic regression analysis. Odds ratio and 95% confidence intervals were computed. The univariate regression plot of long-term outcome based on the GOS and the age was obtained. The correlation between the significant predictors of the outcome and the long-term GOS was analyzed using a multivariate logistic regression analysis. The results of Pillai's trace and Wilks' lambda were obtained. The correlation within the various clinical parameters was analyzed using Pearson correlation test. A probability value that was less than 0.05 was considered significant.
Results
Of the total 108 patients, 63 were males and 45 were females, resulting in a male:female ratio of 1.4:1. The mean age was 34.8 years. Figure 1 demonstrates the distribution of age and sex in the study cohort. The age at the time of presentation, male sex, size of aneurysm, presence of multiple aneurysms, hyperlipidemia, Hunt and Hess grade, and Fischer grade were associated with unfavorable outcome ( Table 1) . The multivariate regression analysis found the independent effect of sex, multiple aneurysms, size of the aneurysm, and Hunt and Hess grade. The size of aneurysm, multiple aneurysms, Hunt and Hess grades, and hypertension were the predictors of outcome at mean 2-year follow up by the multivariate exact regression analysis ( Table 2 ). The univariate regression plot demonstrates the outcome at mean follow up of 2 years in this cohort of young adults (Fig. 2) . Hypertension was present in 21.3%, history of smoking was positive in 20.3%, and evidence of hyperlipidemia was present on the lipid profile in 14.8%, whereas no patient had diabetes or atherosclerosis. The only risk factor that could predict the outcome by the multivariate exact logistic regression model was hyperlipidemia (Pillai's trace and Wilks' lambda, F ＝ 3.13, p ＝ 0.041). However, the presence of hyperlipidemia did not predict the GOS outcomes at mean 2-year follow up (adjusted R 2 ＝ -0.348, p ＝ 0.64). No other risk factors were significantly associated with the outcome at discharge. The history of hypertension at presentation with aneurysmal SAH significantly predicted the GOS The most common location of the aneurysms was the ACA (47.2%; 51/108), followed by the ICA (30.6%, 33/108), the MCA (14.8%, 16/108), and the posterior circulation (7.4%, 8/108). There was no significant correlation between the location of the aneurysm and the size of aneurysm (Pearson correlation, p ＝ 0.34). Multiple aneurysms were present in 12.0% (13/108) of the patients. Female patients had multiple aneurysms more often than males (8/13 patients were females). The presence of multiple aneurysms was significant predictor of the outcome on univariate and multivariate exact regression analysis (adjusted R 2 ＝ 0.347, p ＝ 0.003; Pillai's trace, Wilks' lambda, F ＝ 4.82, p ＝ 0.012). Similarly, the GOS at 2-year follow up was significantly associated with the presence of multiple aneurysms (adjusted R 2 ＝ 0.348, p ＝ 0.007; likelihood ratio test, x 2 ＝ 5.95, p ＝ 0.15). The correlation between multiple aneurysms and hypertension was not significant (Pearson correlation, p À 0.01). The mean aneurysm size was 4.8 mm (range 2-9.2 mm, excluding a case of giant aneurysm of 25 mm). The size of the aneurysm predicted poor GOS outcome even at 2-year follow up by exact regression analysis (adjusted R 2 ＝ 0.348, p ＝ 0.001; Pillai's trace, Wilks' lambda, F ＝ 5.7, p ＝ 0.04). Surgical exploration and clipping of the aneurysm was performed in 90.7% (98/108), whereas 9.3% (10/108) underwent endovas- 
Discussion
Aneurysmal SAH is relatively uncommon in patients younger than 40 years of age with rate of occurrence reported as 10-20%. 7, 12, 14) The young adults presenting with aneurysmal SAH accounted for 9.1% of total patients presenting to our institute in the last 17 years. Modern diagnostic and intervention techniques are leading to more patients within this age group being treated for aneurysmal SAH. 19) The male dominance among patients with SAH has been observed in childhood and adolescence, whereas the female preponderance with male to female ratio of 2:1 is frequently observed in adult group of patients. 6, 9, 20) The reports on the sex dominance in young adults are variable. 5, 7, 11, 14, 21) A slight male dominance was noted (58.3%) in the present study. The overall incidence of aneurysms in the study cohort was higher in male patients, but female dominance is noted with higher age (Fig. 1) . Additionally, male sex predicted poor outcome on the exact regression model (p ＝ 0.032). This discrepancy reflects that intracranial aneurysm formation and growth may be associated with multiple factors in young adults.
The mechanism underlying the formation and rupture of aneurysms in young adults remains elusive. Previous studies have suggested various factors such as arterial fragility, metabolic deficiency, and type III collagen mutations as contributing factors for aneurysm formation in young adults. 4, 8, 13, 17, 21) Hemodynamic stress augmented by hypertension remains one of the most important factors in the formation and growth of aneurysms. 13) Degeneration of the internal elastic lamina appears to be essential for aneurysm formation, and atherosclerosis is the major factor contributing to this degeneration. 1) We analyzed modifiable risk factors such as smoking, hypertension, diabetes, hyperlipidemia, and atherosclerosis which might affect the outcome. None of the patients in our study cohort had a history of diabetes or atherosclerotic event. Hypertension was present in 21.3% of the patients with aneurysm, but the history of hypertension was not significantly associated with the outcome at discharge. However, the history of hypertension was a significant predictor of the outcomes at mean 2-year follow up. Hypertension is known to be the most important factor associated with multiplicity of aneurysms. 3) In our study, multiple aneurysms were found in 13/108 (12.0%) patients. Among them, only 30.8% (4/13) patients with multiple aneurysms had hypertension. Eight of the 13 patients with multiple aneurysms were female. The present study replicates the notion that multiple aneurysms are more common in females, but contradicts the association of hypertension with aneurysm multiplicity. 7) One of the major contributing risk factors for aneurysm seeding in young adults is smoking. 3) In this study, 20.3% of the patients had a history of smoking, and of these, 65.2% of the patients with a smoking history demonstrated a good outcome. However, the history of smoking was not found to be a predictor of poor outcome in this cohort of young adults.
The most common location of ruptured aneurysms in the general population is the anterior communicating artery. 11, 18) However, various locations of aneurysms in young adults have been reported. The ACA was reported as the more frequent location for ruptured aneurysms in the fourth decade of life, whereas the ICA was found to be more frequent in the third decade of life. 5) The bifurcation of the cir- Aneurysmal SAH in Young Adults cle of Willis in the anterior circulation was the most common site in young adults, and with advancing age, ruptured aneurysms in the anterior circulation increased and those in the posterior circulation remained constant. 7) Additionally, sex variation has been demonstrated in aneurysm location. The ACA is the most common location in males and the ICA in females. 14) The anterior communicating artery was reported as the most common site, followed by the MCA. 11) In the present study, the ACA (47.2%) was the most common site in young adults, which is similar to that seen in the general population. All patients with posterior circulation aneurysm showed good outcome, followed by 85.29% of patients with ICA, 84.6% with MCA, and 67.5% with ACA aneurysm. Even so, the location of aneurysm was not found to be a significant predictor of outcomes.
The exact cause and natural history of cerebral aneurysm in young adults is elusive, but the formation and growth of aneurysm would be faster in this subgroup of the population. Consequently, more patients in this subgroup might present with large and giant aneurysms, but only 3 aneurysms larger than 10 mm were found in the present study. Size of aneurysm was one of the significant factors predicting the outcomes in the present study.
The contemporary management approach to ruptured aneurysm is multidisciplinary; and the choice of endovascular or surgical treatment is based on the characteristics of the aneurysm and the patient presentation. Better long-term outcomes with endovascular treatment can be anticipated with advances in coiling devices and occlusion techniques. 2) In the present study, few patients underwent coiling of aneurysm, due to lack of availability in the early years, and the aneurysms encountered in young adults in later years were primarily located in the anterior circulation that are conventionally managed by surgical clipping. Additionally, recent advances in surgical techniques including minimal retraction and retractorless aneurysm clipping are evolving to improve the long-term outcome in these patients. 16) Old age and female sex are strong predictors of poor outcome in the general population. 9) Studies discussing outcomes of aneurysmal SAH in young adults have demonstrated favorable outcomes in this subgroup of patients. 5, 7, 11, 14, 21) As these patients continue to improve after discharge, vigilant supportive and rehabilitation care should be emphasized to ensure the optimal recovery. The mortality rate in the present study was 3.7% (4 patients). Approximately 74% of the patients showed good recovery (GOS score 5) and 83.3% of the patients had a favorable outcome (GOS scores 4 and 5). The overall mortality rate in patients with aneurysmal SAH within 1 year of the initial ictus is 60-75%. 11) In the present study, significant improvement in the GOS score was observed at the 6-month and 2-year follow up (Fig. 3) . Additionally, more than 80% of patients were able to return to work or university, and lead an independent life. This reflects the power of recovery in young adults. The clinical condition on admission, location of ruptured aneurysm, hypertension, hyperglycemia, Fischer grade, Hunt and Hess grade, and age are the prognostic factors identified for aneurysmal SAH in general population. However, this is the first study to evaluate the predictors of outcome in young adults. The size of aneurysm, presence of multiple aneurysms, history of hypertension, and Hunt and Hess grading are significant predictors of long-term outcomes in young adults with aneurysmal SAH. The additional clinical parameters including hyperlipidemia, age at presentation, male sex, and Fischer grade were all associated with unfavorable outcome at discharge. The multimodal approach with aggressive medical management, early intervention, and surgical treatment might contribute to favorable long-term outcomes in patients with poor expected outcomes.
